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FOREWORD

This report covers research conducted by Technology Incorporated,
Dayton, Ohio, to determine the feasibility of using a proposed statistical
maneuver model to predict the distribution of maneuver load peaks at any
point in an aircraft's structure. The research was conducted for the Office
of Advanced Research and Technology, National Aeronautics and Space Ad-
ministration, and authorized under Contract NASw-970. Mr. Harvey H.
Brown, chief, Loads and Structures Branch, was the project monitor.
Personnel of Technology Incorporated having the prime responsibility in
this program were Mr. William B. Walcott, director of the Astronautics
Division, who acted as the project supervisor, and Mr. Larry E. Clay,
research engineer, who served as the project engineer. Research began
on 1 July 1964 and ended on 27 August 1965.

The authors gratefully acknowledge the assistance of the following per-
sonnel of Technology Incorporated: Mr. Cyril G. Peckham, director of the
Data Processing Division; Mr. Thomas J. Hogan, scientific programmer;
Mr. Robert J. Papajcik, scientific programmer; Mr. John F. Nash, super-
visor of data reduction; and Mr. Chris E. Passerello, technical assistant,



ABSTRACT

A study was conducted to test the feasibility of using a proposed statis-
tical maneuver model of aircraft center-of-gravity motions to predict for
a given maneuver type the distribution of maneuver load peaks at any point
in an aircraft's structure. Proven feasibility of this model would permit
more meaningful application of maneuver flight loads data to structural
design criteria. Consequently, a statistical maneuver model was derived
for a data sample consisting of 318 descending left turns selccted from
available F-105D eight-channel flight loads data. From this model, dis-
tributions of peak loads were predicted for the shear load at three dif-
ferent locations in the F-105D structure. As evidence of the feasibility
of the model, the predicted distributions compared very favorably with
"observed" distributions of the loads of peaks obtained from three load
time histories calculated for each of the 318 maneuvers.
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1. INTRODUCTION AND BACKGROUND

This study was conducted to test the feasibility of using a proposed
statistical maneuver model to predict for a given maneuver type the
distribution of maneuver load peaks at any point in an aircraft's structure,.
Since the specification of design loads is the primary objective of the
design criteria, such a model, if proved feasible, would certainly enhance
the structural design criteria. At the onset, the requirements specified
in existing structural design criteria were examined to determine the
specific aspects of these requirements to which the model could be applied
advantageously.

1.1 Design Criteria Requirements

Aircraft structural design criteria have been defined in previous
reports as "'those documented requirements compliance with which is be-
lieved to assure a high level of structural integrity in operational aircraft."
Included among these '"documented requirements' are requirements to with-
stand loads imposed on the structure by maneuvering and atmospheric tur-
bulence while the aircraft is in flight. These flight loads may be divided
into four groups—maneuvering static design limit loads, gust design limit
static loads, maneuvering fatigue loads, and gust fatigue loads.

Early aircraft design criteria dealt only with static design limit
loads, that is, loads whose duration is not considered important, To en-
sure that these loads were calculated properly, the design criteria specified
a set of critical design maneuver flight conditions for which the designer
had to derive a set of static ultimate design loads for the various structural
components (wing, fuselage, vertical tail, horizontal tail, etc.). Upon
completion of the flight test aircraft, the aircraft manufacturer was re-
quired to perform demonstration flights in which the aircraft was subjected
to each of the critical design maneuver flight conditions specified in the
design criteria. In addition to the aircraft's demonstrating its capability
of operating satisfactorily under the prescribed flight conditions, data col-
lected during flight evidenced the degree of accuracy attained in calculating
the design structural loads. This procedure, which provides a quick and
relatively inexpensive check on the ultimatc design load values, serves as
the basis of present military design criteria.

Besides the set of critical design maneuver {light conditions, the
design criteria specified the design maximum gust conditions which the de-
signer also had to consider in calculating the static ultimate design loads.
Atmoépheric turbulence can provide a critical design flight condition for
(1) a cargo or bomber type of aircraft having a relatively low design load



factor or (2) a high-performance type of aircraft which encounters a gust
while performing a high load factor maneuver.

In addition to static ultimate design loads, the designer must cal-
culate the effects of repeated, or fatigue, maneuver and gust loadings on the
structure. The design criteria governing his calculations for the effects of
repeated maneuver loads is a loads frequency spectrum derived from three-
channel (airspeed, altitude and normal acceleration) maneuver data recorded
on service aircraft during normal operation. This type of spectrum indi-
cates the frequency of loads at various load levels expressed as percentages
of positive and negative design load factors. And the design criteria gov-
erning the designer's calculations for the effects of repeated gust loads is
a gust input spectrum expressed in the form of a power spectral density.

Before the accumulation of appreciable flight time, each new air-
craft type is subjected to a cyclic fatigue test on the ground. This test is
based on a loading spectrum calculated from the maneuver load spectrum
and the gust input spectrum specified in the design criteria. The test is
continued until a failure occurs in the primary structure. Using the fatigue
test data and early service flight loads data (including suitable scatter fac-
tors to compensate for the limited sample size), an estimate is made of the
safe service life for the aircraft type.

The major deficiency of the present design criteria is their in-
ability to account for asymmetrical fatigue loads since such loads cannot be
derived from the spectrum of normal accelerations. Instances of fatigue
failures in tail surfaces indicate the need for design criteria using a fatigue
spectrum based on asymmetrical loads. Also, a quantitative estimate of
the probability of exceeding given percentages of the design maximum
asymmetrical loads would be desirable.

1.2 Application of Flight Loads Data to Design Criteria

To calculate aircraft loads from the rigid-body equations of
motion requires recording at least eight parameters. The eight listed in
Table 1 were used in this program.

Three other required parameters—p (roll angular acceleration),
q (pitch angular acceleration), and r (yaw angular acceleration)—can be
derived by differentiating the recorded analog traces of p, q, and r. The
dynamic and static pressures are used to derive airspeed, altitude, and
Mach number. Substituting these data in the rigid-body equations of motion
will yield structural loads for any part of the aircraft.




TABLE 1

Eight-Channel Recorded Parameters

ny—longitudinal ¢.g. acceleration (positive forward)

ny—-lateral c.g. acceleration (positive right)

'nz—“vertical ¢. g. acceleration (positive up)

p —roll angular velocity (positive right wing down)
q —pitch angular velocity (positive nose up)

r —yaw angular velocity {positive nosc right)

Pq—dynamic pressure

P, —static pressure

Because of the expense and complexity of recording and process-
ing eight-channel oscillograph data, only a limited amount of this type of

data now exists. However, digital recorders (predominantly magnetic tape)

will soon be in service to record, in volume, eight-channel data in a form

compatible with digital computers. Obviously, the handling of a large amount
of eight-channel data requires a cormmputer program to reduce the data into a

meaningful form and a method of statistically calculating distributions of
loads from distributions of the basic parameters to avoid the excessive ex-
pense of re-processing all the data points each time a load spectrum calcu-
lation is needed. This program was intended primarily to test the feasi-
bility of a proposed method of statistically calculating the loads.

Since 1954 various reports have proposed several methods of
calculating the structural loads from eight-channel data. All methods in-
volve the use of statistical techniques because of the huge size of the data
sample and the variations in the sample due to the uncontrollable effects
of different pilot techniques, atmospheric turbulence, geographic topology,
and weather conditions.

A commonly proposed statistical technique utilizes probability
density functions of discrete samples of the parameters (usually the param-
eter peak values). This method, known as the ''peak-count method, ' has
some serious shortcomings, two of which are described below:

(1) The number of load peaks on some aircraft components
is not necessarily related to the number of recorded
parameter peaks. For example, since vertical tail
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Figure 1. Sample Time Histories for Tail Load, Yaw
Acceleration, and Lateral Acceleration

Structural load peaks do not necessarily coincide in

time with the peak of one of the basic parameters. For
example, Figure 1, which is a time-history plot for a
portion of a left turn, shows the vertical tail load peak
occurring betwcen the ny and r peaks. During the re-
duction of data to pecak-count form, the parameter values
corresponding to the vertical tail load peak are discarded
whenever the peaks of the former do not occur simulta-
neously with the peaks of the latter.




These shortcomings indicate that the peak-count method cannot
adequately predict structural load distributions.

1.3 Proposed Statistical Maneuver Model

The proposed statistical model is limited to maneuver loads. As
discussed later, the distribution of gust loads to be combined with the calcu-
lated maneuver loads must be determined by other means such as a power
spectral density technique.

The basic unit in maneuver flight loads data is the maneuver
itself —the result of the pilot's effort to change his flight path. If the data
were broken down into the different types of maneuvers performed and if

-all the loads associated with each maneuver type were calculated, the loads

spectrum for each flight and each mission and finally for the entire life of
the aircraft could be constructed from these maneuver loads. This pro-
cedure requires two steps:

(1) Each maneuver type must be represented by an accurate
set of parameter time histories applicable to all maneu-
vers of the same type.

(2) The number and type of maneuvers performed during each
flight, mission type, and life of the aircraft must be esti-
mated.

Since all aircraft generally perform the same type of maneuvers,
the sets of parameter time histories determined for the maneuver types of
one aircraft could be applied to other aircraft types if the effects of the
configuration of the instrumented aircraft could be removed from the data.
Since this extension is an important part of the proposed application of
flight loads to design criteria, a third step is required:

(3) The data for each maneuver type must be normalized to
remove the effects of aircraft configuration and the factors
used to perform the normalizing must be recorded.

The flow chart in Figure 2 presents the basic program to estab-
lish design criteria from maneuver loads in the light of the foregoing dis-
cussion. Normalized time histories of the various parameters for each
maneuver type are derived from the data of one aircraft type. From these
time histories, distributions of normalized parameters are derived to form
a statistical model. Then, combining the model with the distributions of
rccorded parameter peak values and with the aircraft aerodynamic and



inertial properties yields an expected distribution of structnral loads.
Applying the statistical model to other aircraft types does not require
recalculating the distributions of normalized paramecters.
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Figure 2. Flow Chart of Proposed Basic Program
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The flow chart in Figure 3 indicates the phases of the basic pro-

gram covered in this study. A sample of 318 descending left turns was de-
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scales were transformed to align the parameter traces, and the parameter
time histories were normalized by using the peak values. From the dis-
tributions of the normalized parameters at specified transformed times,

the distribution of parameter peaks, and the estimated aerodynamic and
inertial properties, distributions of peak loads were calculated statistically.
From time histories of these loads calculated for each individual descend-

ing left turn, actual distributions of peak loads were derived to check the
statistical calculations.

2. DISCUSSION

2.1 F-105D Eight-Channel Data

The eight-channel data selected to illustrate the proposed sta-
tistical model were recorded during the normal operation of F-105D air-
craft based at Wheelus Air Base, Libya; Kadena Air Base, Okinawa; and
Nellis Air Force Base, Nevada. A view of the F-105D aircraft is shown
in Figure 4.

Figure 4. View of the F-105D Airplane
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The instrumentation system consisted of an oscillograph re-
corder, bridge control units, three strain gage accelerometers, three
potentiometer rate gyros, and two strain gage pressure transducers. The
‘three accelerometers were mounted at the approximate location of the air-
craft's center of gravity and aligned with the major axes of the aircraft.

The three rate gyros were aligned to measure the angular rates around each
of the aircraft's major axes. The pressure transducers were connected to
‘the aircraft's pitot-static system to sense the dynamic and static pressures.
When the landing gear was retracted, the oscillograph operated continuously
and recorded data at a paper speed of about 24 inches per minute. The data
was recorded on a roll of photosensitive paper 3-5/8 inches wide and up to
400 feet long. Sample portions of data are shown elsewhere in this report.

2.2 Selected Data Sample

The statistical maneuver model for calculating structural load
distributions developed in this study was tested by using a sample of one
maneuver type, namely, the descending left turn. The reasons for select-
ing this maneuver type were twofold.

(1) Since the maneuver is asymmetrical, it induces tail and
aileron loads.

(2) Since the data from a descending left turn is relatively
difficult to process because of the sigunificant variations
in such data from maneuver to maneuver, this maneuver
type provided a good means of testing the practicality of
the proposed method.

From the available data, about 450 hours of both training and
operational eight-channel flight loads data, a sample of 318 descending left
turns performed in 40 flights was selected. A summary of the flight con-
ditions, aircraft configurations, and air bases associated with the data
sample is included in Appendix A. During the selection of the maneuver
type to serve as the sample, types found easily identifiable and occurring
frequently are listed in Table 2.

Further study of the maneuver types may reveal that some simi-
lar types of maneuvers among those listed above may be combined into a
single type. Such combining of types would greatly simplify maneuver
recognition and permit compiling a good sample of a maneuver type from
a smaller amount of flight data.




TABLE 2

Observed Maneuver Types

Ascending left turn
Descending left turn
Level left turn
Symmetrical pull-up

Right rolling pull-up

Ascending right turn
Descending right turn
Level right turn
Right vaw

Left yaw

Left rolling pull-up
Longitudinal acceleration Coordinated rolj

Longitudinal deceleration

The type and number of maneuvers recorded depends on the
mission flown. For example, the number of maneuvers per flight hour
in the F-105 data is greater in the bombing and gunnery missions than in
the navigation or ferrying missions. Table 3 lists the maneuver types
observed in a typical F-105D bombing and gunnery mission.

TABLE 3

Summary of Maneuvers in a Typical Flight
Base: Wheelus Air Base, Libya

Mission: Nuclear and conventional bombing
and ground gunnery
Total flight time: 72.6 minutes
Breakdown of maneuvers:
34 right turns | toss bomb maneuver
12 left turns I yawing maneuver
2 accelerations to Mach 0.9

8 rolling pull-ups

2 symmetrical pull-ups 2 decelerations to low air spceed

As described in Appendix B, each of the observed maneuver types
has distinctive trace patterns.



2.3 Data Reduction

2.3. 1 Calculation Procedure for Basic Parameters

Data editing, the first phase of the data reduction, con-
sisted primarily of identifying all mancuvers to be processed, indicating
the start and end of cach of these mancuvers, and determining the normal
or null values for each trace. Figure 5, a reproduction of part of an os-
cillograph, shows a typical descending left turn with its extremities marked.
As mentioned previously, Appendix B describes the trace pattern defining
each of the maneuver types. The roll rate trace primarily defines the ma-
neuver length since, in the performance of this mancuver, the pilot first
rolls the aircraft in the direction of the turn and finally rolls it back to the
wings-level position. Near normal values for the n, and yaw rate traces
serve to check the extremities of the manceuver length.  As shown in Figure
5, the start and end of the mancuvers were marked, respectively, before
the first negative deflection of the roll rate trace and after the positive peak
of this trace. Measurements of the traces during the calibration and
straight-and-level flight yielded the normal values for the traces.

je TIME =15 SEC. S
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Figure 5. Oscillogram Showing Typical Descending Left 'Furn

A semiautomatic oscillogram reader was uscd to measurc
all the data traces about every 0.2 scecond throughont the mancuver period.
Then the digital output was transcribed onto magnelic tape in a formaat comnm-

patible with the IBM 7094 computer.
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To provide flexibility in this study, the computer per-
formed calculations in several steps. In the first step, the following
parameters were calculated: time in seconds; calibrated airspeed in knots;
pressure altitude in feet; the three linear accelerations at the center of
gravity—n,, ny, and n,; the three angular rates—p (roll), q (pitch), and
r (yaw); the three angular accelerations—p, q, and r (which were calcu-
lated by differentiating p, q, and r with respect to time); and the three
Eulerian angles— ¥, 0, ¢ (which gave the aircraft's orientation with re-
spect to the earth's coordinate system). All angular parameters were
expressed in degrees.

The Eulerian angles were calculated by integrating the
values of p, q, and r which were measured about every 0.2 second. As
with any integration of this type, any minor errors introduced by the sam-
pling frequency, calibration, and measurement of the normal parameter
values became large when the integration covers an appreciable period.

As a consequence, significant errors could have been introduced into the
values for the angles ¥, 6, and ¢ when the integration for a maneuver was
completed. These values, nevertheless, indicated the type of maneuver
performed and whether the turn was 45, 90, or 180 degrees.

The angular accelerations, p, q, and r, at each point
were calculated by differentiating the angular rate traces approximated
by a parabola defined by the point and its two adjacent points.

This approximate method of differentiation theoretically
becomes more accurate as the time interval between readings decreases.
However, the sampling rate was fixed at about five readings per second
because of the data recording at a paper speed of 24 inches per minute.
With this fixed sampling rate, the data sample could not reflect the actual
trace when the parameter deflected at frequencies above 0.5 cps (see
Appendix D). Even with the frequency limitation imposed by the sampling
rate, some peaks at the higher frequencies (above 1 cps) appeared in the
angular accelerations when the angular rate traces were differentiated.
Since these higher frequency peaks occur primarily at the lower altitudes,
they have been attributed to atmospheric turbulence, structural dynamic
effects, and occasionally close formation flights. Although these three
types of response are important, they are independent of the maneuver
types covered by the proposed statistical model and will have to be ob-
tained from another source. It is envisioned that the load contributions
causing these higher frequency responses may be superimposed on the
load distributions calculated from the statistical model. This problem
is discussed further in Section 2.5.5. Since these effects are not con-
sidered part of the basic maneuvers, the angular rate traces were smoothed
prior to differentiation to eliminate the higher frequencies. The smoothing
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involved a seven-point weighted filter consisting ot the reading and three
points immediately before and after it, the points nearest the reading being
most significant in smoothing the reading. Appendix D completely describes
the filtering process and its effect on the data.

2.3.2 ILoads Equations

Approximate structural loads for the F-105D aircraft
were calculated during the program to demonstrate the use of the proposed
statistical model. The calculated loads include the vertical shear load at
right Wing Station 136.6, the vertical shear load at the root of the right
horizontal tail surface, and the lateral shear load at the root of the verti-
cal tail. Figure 6 illustrates the location of these load points on the air-
craft. The shaded areas indicate the portions of the aircraft which con-
tribute airloads and inertia loads to the calculated shears.

PYLON G

_~Vyy HORIZONTAL
TAIL SHEAR
1

VR, 7 VERTICAL
7
TAIL SHEAR

Figure 6. Two-View Drawing of F-105D Airplane Indicating
Locations of Calculated Structural Loads
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The following simplified loads equations, developed in
Appendix C, were used to calculate a time history of the loads during each
descending left turn in the data sample and to predict the load spectrums
from the statistical model:

(1)  Simplified equation for the wing shear load at Station 136.6
(also called Location 6A):

ste
b4

Vga = -15547 Wny +.000138 Iyg - .000596 L,p

n n
. Y3
-n, Wi+.01745p( Wi——-)
— g

=1 i=1

[

(2) Simplified equation for the vertical tail shear load at root:
b
VRyT= -1061 Wny -. 000741 I,r +.000741 I, ,p - 889 ny - 3.244 p

(3) Simplified equation for the horizontal tail shear load at root:

VRHT = - .0307 Wn, - .000472 Iyq - 349 n, + 3.86 g +.993 p

The following assumptions were made in these approxi-
mate equations:

(1) The center of gravity is fixed.

(2) The shape (not the magnitude) of the aerodynamic distribu-
tions and the aerodynamic centers for each aerodynamic
surface are fixed. This premise assumes no significant
variation in Mach number and dynamic pressure and ignores
the change in the centers of pressure due to control deflec-
tions, angle of attack, angle of yaw, and roll angle.

(3) The aircraft responds as a rigid body.
(4) The contribution of second order terms is insignificant.
The aircraft gross weights and moments of inertia were
evaluated for each descending left turn, as described in Appendix C. To

calculate more accurate loads requires that the constant coefficients used
in the equations be functions of Mach number and dynamic pressure.
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Although more accurate loads would be required for de-
signing aircraft, the above equations are sufficiently complete for illus-
trating the use of the statistical model presented in this study.

2.4 Description of Statistical Maneuver Model

Any technical progress in using flight loads data to estimate
structural loads obviously requires some type of statistical description
of the data leading to a distribution of the loads. Moreover, if statis-
tical quantities are to describe populations meaningfully, the universe
of flight loads data must be so stratified into subpopulations that each
subpopulation may be precisely defined and that the innate variation in
the universe may be reduced. As discussed above, the descending left
turn was selected as a trial subpopulation; and a model to predict the
distributions of peaks of load cycles in this subpopulation was formulated.

The essential feature of the model is its accounting for the time
change of the statistical properties of the basic parameters within the popu-
lation of descending left turns. Consequently, distributions of parameters
are maintained at various time slices and not used until the critical times
have been determined. The only statistical assumption in the model is the
independence of all random variables; that is, if two distributions are to
be combined in any fashion, these distributions are assumed to be inde-
pendent.

The application of the model consisted basically of four steps:
data reduction, normalization, derivation of statistical description, and
calculation of loads distributions. Also included in this study was the
comparison of distributions derived from the model with those distribu-
tions '"observed'' from load time histories of each descending left turn.
The steps are illustrated in detail by a complete application of the model
to a wing load, a vertical tail load, and a horizontal tail load during de-
scending left turns.

2.4.1 Data Available

Since the data reduction process was discussed above,
this section assumes the completion of the data reduction step and the
availability of the time histories of the basic parameters in correct units
for each of 318 descending left turns (hereafter referred to as ''maneuvers"
since no other maneuver type was processed in this study).

2.4.2 Normalization

Obviously, the maneuvers vary in length. To maintain
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the distributions of values at various time slices, therefore, requires first
aligning the basic parameters as much as possible so that these distribu-
tions may have definite meaning. Figures 7 and 8 display, respectively,
the p and t traces for 10 maneuvers. Although these traces show that the
time slice values would have no meaning, the degree of shape similarity
among the traces indicates that the traces could be interrelated advanta-
geously if the time axis for each maneuver were transformed. Again, al-
though the maximum amplitudes of the traces are related to the aircraft
type and would vary from type to type, normalizing of the amplitudes, it
is hypothesized, would make the parameters independent of the aircraft
type. Consequently, the time and amplitude were normalized to align the
traces. Strictly speaking, however, the amplitudes for this one aircraft
type did not have to be normalized.

100

ROLL RATE, p (deg/vec)

~-85QL

Figure 7. Plots of Non-Normalized Roll Rate versus Time for
Ten Descending Left Turns

The horizontal, or time scale, normalization factor for
all parameters within a maneuver was derived from the p trace. Since
the estimated time of a descending left turn had a very high correlation
with the difference between the time of peak positive p (thax) and the
time when the p trace first goes negative (tp_), the time transformation
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was given by
t' = S

t
Pmax P-

These terms were chosen for normalizing because of
the ease of identifying the terms among the data. In the normalized time

scale, t' = 0 corresponds to the time when the p trace first goes negative
(which is actually the start of the maneuver), and t' = 1 corresponds to
the time when the p trace reaches its maximum value. All calculations
were carried to t' = 1.1 which is longer than the average actual maneuver
length.

10
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YAW ACCELERATION, ¢ (deg/sec?)

Figure 8. Plots of Non-Normalized Yaw Acceleration versus
Time for Ten Descending Left Turns

The amplitudes of the traces were normalized individu-
ally with each trace being divided by its absolute deviation from zero. The
absolute deviation was selected as a normalization factor over either the
maximum or minimum value because the trace representing a particular
parameter may never become ncegative during one maneuver and positive
during another mancuver. The absolute deviation also circumvents the
possibility of a normalization factor involving a zero division, and, finally,
all normalized amplitudes will fall between 1.
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Figures 9 and 10 showing the result of the normalization
on the traces of Figures 7 and 8 indicate considerable variation still exist-
ing. However, since the remaining variation is due primarily to pilot
technique, it cannot be removed. (Although the traces could be better
aligned by a different time normalization factor for each parameter, the
relative magnitudes between traces within a maneuver would be lost.) As
a further example of the variation from pilot to pilot, Figure 11 presents
the roll rate traces for descending left turns performed by two different
pilots. As can be seen, one pilot rolled into the turn much faster than the
other and pulled out of the turn more slowly. Obviously, when the traces
are normalized, the early negative p peaks will be spread further apart.
As illustrated in Figure 12, two maneuvers performed by a pilot during
a single flight exhibit the same type of variation. Since the effect of pilot
technique cannot be eliminated, it can only be measured and recorded in
the form of statistical distributions.

Primes are used to denote transformed (normalized)
values.

NORMALIZED ROLL RATE, p'
[e]
o
m‘

Figure 9. Plots of Normalized Roll Rate versus Normalized
Time for Ten Descending Left Turns
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Figure 10. Plots of Normalized Yaw Acceleration versus
Normalized Time for Ten Descending Left Turns

100~

sof

60}

40}

20}

/I e |
I,‘\ . P \\
RN e \\ o7 AN P
(o] e } e R 4 - NI Ea AN —} 1
o W\lb \_/\20\’\/ 25 \/3)(/)\[
\\ ,’
-20} ' /) t—SEC
\ ’
\ U
LEGEND
-40r -~ ~--—- PILOT A
-— PILOT B

-60F

-80}
-1o0*-

Figure 11. Graph to Illustrate Pilot-to-Pilot Variation in Roll
Rate Trace During Descending Lieft Turns
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2.4.3 Derivation of Statistical Description

Since the normalized values are unitless, they cannot,
of course, be used to generate distributions of loads. Denormalization,
therefore, requires retaining sufficient information from the original data.
The distributions to be denormalized include the distributions of amplitude
normalizing factors for each parameter, the distribution of maneuver
lengths, the distribution of ''constants'’ or conditions (weight, Mach num-
ber, and moments of inertia) which appear in the loads equation, and the
average of the positive and negative peak transformed values. The last
was used to develop a time adjustment factor, as discussed later.

From the normalized parameter traces, distributions
at 25 different times were derived. These distributions were considered
sufficient t» develop the distribution of any load during descending left
turns. The time slice values chosen include all multiples of t' = 0. 05 from
0to 1.1 and the two values t' = 0. 975 and t' = 1. 025 which are critical with
respect to the peaks of some parameters. The means of these 25 distri-
butions yielded an average normalized time history for each of the pa-

rameters.
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Figures 13 through 21 present the average time histories
of 9 basic parameters. Since the data were processed in batches, three
independent sets of data and a composite of them were plotted to permit
data comparisons. Set I, the first set of processed data, contains 68 ma-
neuvers; Set II contains 132; and Set III contains 118. In addition, on each
figure is a corrected composite of the three sets. (Corrected composites
for ny, p, q, and r are not shown since these parameters were not used
during this program.) The corrected average trace was derived from the
average trace by adjusting each value so that the positive peak of the aver-
age transformed time history agreed with the average of the individual
transformed positive peak values and the negative peak of the average trans-
formed time history agreed with the average of the individual transformed
negative peak values. Depending on their signs, all other values were ad-
justed proportionately. The means of adjustment was the time adjustment
factor which was introduced to account for the peak values not aligning
perfectly in the transformed time scale.
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The corrected average traces represent the best esti-
mate of the relationship between the parameters during a des'cending left
turn. By introduction of an average parameter value, therefore, an aver-
age descending left turn can be described and an average time history of
a load can be generated. Through the simplified equations developed in
Appendix C, the average wing (V6A) root horizontal tail (VRHT) and root
vertical tail (VRVT) loads were calculated for Condition 1; these loads are
displayed in Figures 22, 23 and 24, respectively. These figures indicate
that the wing load passes through one long positive load cycle, the hori-
zontal tail load passes through one long negative load cycle, and the ver-

tical tail passes through a load cycle having an early positive peak and a late
negative peak. The average traces for Condition 2 exhibited identical be-
havior. The distribution of the peak values of these load cycles fully des-
cribes the loads distributions in an average descending left turn. The times
of the average load peak values were then selected as critical times; and
the distributions of the transformed parameter values at these critical
times were corrected, denormalized and used to generate the distributions
of the peak values of the load cycles. This process is illustrated in Figure
25 where it is assumed that rand n_ are the only contributors to the vertical
tail load. The r and n_ distributions were recorded at several time slices;
then, after the time of the load peak had been determined, the distributions
at this time slice were used to calculate the peak loads distributions.
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FREQUENCY

Figure 25. Example of Normalized Parameter and Load Distri-

butions at the Selected Times

In summary, the statistical description of the data con-

sists of the following:

(1)

(2)

(3)

(6)

The distribution of peak values which are used in denor-
malization.

The distribution of maneuver lengths which can be used
to reintroduce real time.

The distribution of '"constants'' or conditions which appear
in the loads equation.

The average positive and negative peak transformed
values which determine the time adjustment factor.

The distributions of transformed values at 25 preselected
times which are used to generate distributions of the
peaks of load cycles at the critical times.

The corrected mean time history of all parameters

which are used to generate average loads which, in turn,
determine the critical time of loads.
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2.4.4 Calculation of Loads Distributions

According to the statistical description given in Section

2.4.3, directives for the derivation of peak loads distributions consist of
the following two steps:

(1)

(2)

For a particular load, denormalize the time slice dis-
tributions for each relevant parameter at the time of
critical load by adding the time adjustment factor to the
normalized values and finding the distribution of the
product of the distribution of corrected normalized
parameter values and the distribution of peak parame-
ter values. For a given t', the time adjustment factor
is simply the corrected mean minus the uncorrected
mean at that t'. The distribution of the product is
found empirically by assuming independence. Conse-
quently, distributions displaying the relative magnitude
of the parameters at the time slice of interest result.

Utilizing the particular loads equation, determine the
empirical distribution of the load by combining the
contributions from the parameters as indicated by the
loads equation. The following equations show a typical
calculation for a vertical tail load:

VRvT = 2741 ny - 161 1 - L74p

SAf P{&Mln -w1£-1J4b5A}

B a
Z Z Pny (nyi) | (i‘j) pp (f)k)

P {VRVT

lMB’

1

where
P{, (') denotes probability mass function for parameter ¢
a denotes greatest value of k for which

. 1
P, =
k 1.74

_ 1 -
(A - 274 Ny, +161 rj)
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p denotes greatest value of j for which

.
IS

ri > — - .
1% T8 (A - 2741 LY

m denotes greatest value of i

The method for the calculation of the distributions of the
peaks of the load cycles will be explained in detail by carrying out the pro-
cedure for the wing load, the horizontal tail load, and the vertical tail load.
All 318 maneuvers are represented in these calculations. But the results
from the three sets comprising the composite data sample are presented
in Appendix E for comparison.

In this study the maneuvers were separated into two con-
ditions depending upon whether the gross weight was above or below 36, 000
pounds. Table 12 in Appendix A lists the average values of the calculated
"constants'. Different peak distributions were maintained for each of the
conditions since the peak distributions could reflect the pilot's intention to
adjust his flying habits in accordance with the gross weight. Given as
follows for the two conditions.are the appropriate loads equations for the
wing load:

3k

Condition 1: V6A:4567 n, +27.8q - 7.46 p
Condition 2: Vea = 5109 n, + 28.4 @ - 8.66 p
Figure 22 indicates that the single peak of the one load
cycle during a descending left turn occurs on the average att' = .60. There-
fore, the n,', q', and p' distributions att' = .60 are denormalized. The

normalized, peak, and denormalized parameter distributions for Condition 1
are presented in Table 4. The distribution at the top is the normalized dis-
tribution with the correction factor added; the middle distribution is the
distribution of peak or normalizing factors; and the distribution at the
bottom represents the product of the other two distributions.

Figure 26 displays for each of the two conditions the pre-
dicted and observed distributions of the peaks of the load cycle. The ab-
scissa of this figure is load in pounds and the ordinate is the probability
of a peak of a load cycle being less than or equal to the indicated load.
Through the above equations, the observed distributions were determined
from time history calculations of the load for each maneuver. The figure
shows excellent agreement between the predicted and observed distribu-
tions. Since a Kolmogoroff-Smirnov test failed to reject the hypothesis
of the equality of the two distributions at a level of significance of .05,
the distributions from the present sample are not significantly different.
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TABLE 4

Distributions of n,, p and gatt' = 0.60 for Condition 1

2

Used in Predicting the Peak Wing Load Distribution
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Figure 26. Predicted and Observed Cumulative Probability versus

Peak Wing Load for Weight Condition 1 (185 turns) and
Weight Condition 2 (133 turns)
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Given as follows for the two conditions are the appropri-
ate loads equations for the horizontal tail load:

Condition 1: VRHT = -1399 n, - 91.1 @ + - 993 p

I

Condition 2: VRHT = -1506 n, - 93.1 4+ .993 p

Figure 23 shows that on the average one negative load
¢cycle appears on the horizontal tail and that the negative peak occurs at
0.55 Therefore, the nz', ;')', and g distributions at t' = 0. 55 are de-
normalized. Table 5 presents the normalized, peak, and denormalized
parameter distributions analogously to Table 4.

TABLE 5

Distributions of n_, p and § at t' = .55 for Condition 1 Used in
Predicting the Negative Peak Horizontal Tail L.oad Distribution

n'y {c} Clase Midpotst 1.085 L. 035 985 S 48s €8S . 835 . 760 . 660
Relative Frequency L3174 125 I ST 097% 075% 0283 .07 . 012&
Peah n, Class Midpoint t.2 1.4 16 1R 20 2.2 2.4 2.6 2.9 3.0 3.2 3.4
Rejstive Frequency 0054 0272 .043% 125G L1196 1876 .2337 . 1141  .0%43 0652 . 0380 0163
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q Class Midpint 1.0 s.0 3.0 1.0 o -yn s n
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Figure 27 displays for the two conditions the predicted
and observed peak load distributions for the horizontal tail. Again there
is excellent agreement, and the two sample distributions are not signifi-
cantly different. For these curves, the ordinate represents the prob-
ability of oxceeding the indicated load or the probability of being less than
the absolute value of the load.
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Figure 27. Predicted and Observed Cumulative Probability versus
Peak Horizontal Tail Load for Weight Condition 1
(185 turns) and Weight Condition 2 (133 turns)

Given as follows for the two conditions are the appropri-
ate loads equations for the vertical tail load:

Condition 1: VRvyT = 2741 ny - 1611 - 1.74 p

Condition 2: VRyT = 3110 ny, - 165+ - 1.78 p

Reference to Figure 24 indicates that the average load
cycle on the vertical tail consists of a positive peak at t' = 0.15 and a nega-
tive peak at t' = 0.975. Consequently, since two distributions of peak values
are important for the vertical tail, two sets of parameter values must be
derived. Tables 6 and 7 present analogously to Table 4 the normalized,

peak, and denormalized parameter distributions for t' = 0.15 and t' = 0. 975,
respectively.

Figures 28 and 29 present, respectively, the predicted
and observed peak load distributions for t' = 0.15 and t' = 0.975 for the two

conditions. Again, the differences in the distributions are not statistically
significant.
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TABLE 6

Distributions of n_, p and r att' = .15 for Condition | Used in
Predicting the Position Peak Vertical Tail Distribution
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TABLE 7

pand r att' = .975 for Condition 1 Used in
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Since the level-flight (n, = 1. 0) vertical tail load is zero,
the load peaks for Conditions 1 and 2 oscillate about the same value. There-
fore, the load probability calculations can be carried one step further by
combining the distributions for the two conditions by a weighted average of
the curves for each condition. Figure 30 and 31 present these weighted
composites and the composite observed distributions for t' = 0.15 and t' =
0.975, respectively. Similar composites for the wing and horizontal tail
loads would have no particular meaning since different conditions imply
different level-flight loadings.
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The discrepancies between the predicted and observed
distributions can be attributed to three major factors:

(1) The invalidness of the assumption that all random vari-
ables are independent of one another. Although a method
was developed to account for their interdependence, the
attendant increase in the complexity and size of the sample
would likely negate its usec.

(2) The peculiarities existing in the empirvical distributions
which could be removed only by increasing the sample
size.

" to predict loads

< (3) The use of the same average '"'constants
distributions while the observed distributions were de-
rived from load time histories which used diffecrent

"constants'" for each particular mancuver.

2.5 Applications of Statistical Mancuver Model to Design Criteria

The present effort has demonstrated the form of the statistical
model of normalized parameters for one mancuver type and the prediction
of three sample maneuver load probability curves by using cquations for
two flight conditions for the F-105D airplanc. However, this effort is only
a partial solution to the problem of applying the model to design criteria.

2.5.1 Calculation of Maneuver Fatigue Loads Specirum

The prediction of an accurate maneuver fatigue loads
spectrum for an aircraft by using the statistical model requires the follow-
ing:

(1) A set of distributions of normalized parameter values
at selected time slices for all mancuver types.

(2) The distribution of parameter peak values by mancuver
type, by flight condition, by mission type, and by air base.

(3) The distribution of cach type of manecuver by {light condi-
tion, by mission type, and by air base.

Items (1) and (2) permit the calculation of probabilily
curves for predicted maneuver loads for cach mancuver type, flight con-
dition, mission type, and air basc combination. Using this set of prob-

ability curves and Item (3) yiclds a predicted mancuver loads distribution,
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or fatigue spectrum, giving the magnitude and number of peak maneuver
loads at each level of a steady level-flight (n; = 1.0) load.

The probability curves (Figures 26 through 31) in the
previous section can be used to illusirate the prediction of a maneuver
loads fatigue spectrum. For demonstration purposes, assume that a
typical F-105D airplane will perform 14, 000 descending left turns during
its lifetime and that this is the only maneuver type performed. Assume
further that 8, 000 of these turns w:ill be in Condition 1 and the remaining
6,000 will be in Condition 2. With these assumptions, the maneuver loads
fatigue spectrum for the wing load, or wing shear, at location 6A, was
calculated. The level-flight (nzy = 1.0) wing loads for Conditions | and 2
are 4567 and 5109 pounds, respectively. The number and ranges of ma-
neuver peak loads at level-flight loads of 4567 and 5109 pounds were cal-
culated from the probability curves for Condition 1 and 2 in Figure 26 and
the assumed distribution of maneuvers by condition. Figure 32 illustrates
the calculated wing load fatigue spectrum. The value at the top of each
column represents the number of cycles in that peak load range.

Figure 32. Maneuver Fatigue Load Spectrum of Wing Shear Load
(Vea) Representing 14, 000 Descending Left Turns
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Figure 33 depicts the horizontal tail load, or shear load
at the root of the horizontal tail, fatigue spectrum which was calculated by
using the same assumptions. The level-flight (n, = 1.0) horizontal tail
loads for Conditions | and 2 are -1399 and -1506 pounds, vespectively,

-
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Figure 33. Maneuver Fatigue Load Spectrum of Horizontal Tail Shear
Load (VRHT) Representing 14, 000 Descending Left Turns

For the vertical tail load, or shear load at the root of
the vertical tail, a slightly different calculation technique was used be-
cause the level-flight (n, = 1.0) load is zcro for all flight conditions. For
the vertical tail load, a composite probability curve (sec Figures 30 and
31) was calculated by weighting the probability curves for Conditions 1 and
2 (see Figures 28 and 29) by the percentage of maneuvers performed in
each condition and then combining the curves. Two composite curves were
required, one for positive maneuver load peaks and one for negative ma-
neuver load peaks, since one peak occurred in each direction during the
descending left turn. Since the vertical tail load probability curve already
contains the distribution of maneuvers by flight condition, only the total
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number of maneuvers (14,000) is required to calculate the fatigue spec-
trum for the maneuver loads. Figure 34 illustrates the vertical tail ma-
neuver load spectrum with both the positive and negative load peaks shown.
Note that the total number of peaks indicated is 28,000, 14,000 being posi-
tive and 14, 000 negative. The rest of this section discusses the cffect of
mission type, air base, and flight condition on the statistical model and
the methods of handling these effects in the design criteria
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Figure 34. Maneuver Fatigue Load Spectrum of Vertical Tail Shear
Load (VRVT) Representing 14, 000 Descending Left Turns

2.5.2 Effect of Mission and Base

The type of missions flown by an aircraft and the basec
from which the aircraft operates are significant factors in the distribution
of the loads encountered. For example, the difference between the load
distribution on an aircraft performing mostly ground gunnery and bombing
missions and an aircraft flying primarily cross-country ferry missions
can be a factor of two in the amplitude of maneuver loads and a factor of
twenty in the frequency of maneuver loads. The proximity of an air base
to practice gunnery and bombing ranges can affect the maneuver load dis-
tribution of the aircraft stationed at the air base. Obviously, aircraft
stationed at an air base close to such ranges have an appreciably higher
percentage of flight time making passes over the target and a correspond-
ingly lower percentage of time maintaining the relatively inactive cruise
condition than aircraft located at an air base remote from the ranges.
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Since the percentage differences can be very significant, they should be
included in a comprehensive design criteria.

Design criteria can be developed only from data descrip-
tive of the number of maneuvers and percentages of time spent by oper-
ational aircraft in various air base-mission conditions. Since operational
requirements of future aircraft must be projected with some uncertainty,
the design criteria should prescribe such a fatigue spectrum that the new
aircraft be capable of performing some minimum percentage of its flight
time in the more severe air base-mission conditions, such as those in the
ground support mission performed from Wheelus Air Base, Libya.

2.5.3 Effect of Variation in Flight Conditions

The parameters comprising the flight conditions which
primarily affect the magnitude and distribution of loads incurred by an air-
craft are gross weight, moments of inertia, mass distribution, altitude and
Mach number. These parameters determine the coefficients in the airloads
and inertia loads equations. Through changes in the slopes of the lift and
side force curves versus angles of attack and yaw, respectively, and changes
in the centers of pressure of the acrodynamic surfaces, Mach number and
altitude determine the distribution of airloads. The magnitude of all verti-
cal airloads are dependent on the gross weight. The moments of inertia
affect the centers of pressure and airload distribution because they estab-
lish the control deflections required to produce given angular motions.
Finally, changes in the mass distribution (due to various store locations
and fuel burnoff) produce corresponding changes in the distribution of in-
ertia loads in the structure. Therefore, the variations in the flight condi-
tions cause variation in the maneuver peak load magnitudes. Since the
number of maneuvers of each type for each flight condition is primarily
a function of flight performance, the design criteria cannot prescribe such
numbers because of the uncertainty of future flight performance. Therefore,
the aircraft designer must determine for his particular aircraft the distri-
bution of maneuvers for the various flight conditions. To make the design
requirements less stringent, the designer often imposes operational restric-
tions to prevent certain maneuvers in some of the more severe flight con-
ditions. These restrictions, however, must be chosen so that the perfor-
mance of the required mission is in no way compromised. An example of
such a restriction is the limitation of some fighter aircraft to 6. 0-g nor-
mal accelerations when flying with full external fuel tanks. These tanks
are normally empty by the time the aircraft is in the target area but can be
dropped instantly should an unexpected combat situation develop.

To determine the distribution of maneuvers by flight con-
dition, the designer must develop mission profiles for each mission type.
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These profiles indicate the percentage of mission time expected for each
ondition and the order in which the conditions occur. Then the de-
signer can superimpose the required maneuvers on the mission profile to
project a more realistic distribution of maneuvers by flight condition.
Since such mission profiles have been used in the design of new aircraft,

they should not pose any problems.

2.5.4 Effect of Aircraft Type and Configurations

The proposed statistical model was designed specifically
to eliminate the effects of aircraft type from the normalized maneuver
parameter time histories. How effective this elimination may be can be
revealed only by comparing the normalized data of F-105D aircraft with
that of a different aircraft type. Although results from the proposed model
are quite encouraging, data from many aircraft types must be tested before
the model may be incorporated in the aircraft design criteria.

Even though the effects of aircraft type are removed from
the normalized maneuver parameter time histories, the normalizing fac-
tors, or parameter peak values, for each maneuver type will still depend
on the aircraft type. Consequently, the design criteria must include a dis-
tribution of parameter peak values by maneuver type for each general cate-
gory of aircraft so that the designer can apply the statistical model to his
particular type of aircraft. Of course, the distribution of parameter peak
values must be sufficiently flexible to permit its application to aircraft
with radically different design features, such as the variable sweep wings
of the F-111, and to aircraft with a specialized mission, such as the high-
altitude U-2 airplanes. In such applications, the designer must choose the
appropriate distribution of parameter peak values.

The configuration of an aircraft should not affect the pro-
posed statistical model except in the calculation of its load distributions.
"Configurations, ' as used in this report, denotes the possible arrangements
of internal and external stores on a single airplane. Since a configuration
determines the distribution of the airplane's mass, it establishes the dis-
tribution of loads in the airplane's structure. The designer must be certain
that his aircraft flying with the most burdensome configuration will with-
stand the load spectrum for each mission type. The configuration normally
changes during flight by the dropping of stores and the consumption of the
fuel load. To some degree, therefore, the pilot can control a configuration
change as well as the maneuvers to be performed in a particular config-
uration. Consequently, the designer may specify some operational limits
on the maneuvers performed with the more severe configurations so that
unusual loading conditions will not penalize the overall design. An example
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of this is the operational limit placed on normal accelerations for some
fighter -bombers when heavy stores are carried externally. Of course,
any operational limitations must be approved by the user.

2.5.5 Effect of Gusts, Formation Flying, and Structural Elasticity

As applied to the recorded parameter traces, the term
"maneuver' normally denotes the smooth low-frequency deflections with
peaks lasting two seconds or more. Whenever these traces are ragged with
random high-frequency deflections, the input is attributed to the effects of
turbulence unless the pilot was engaged in close formation flying where he
must continually adjust his control input to maintain a precise position rela-
tive to the lead aircraft. Because of the randomness of these inputs, they
are not likely to affect the average parameter time histories derived from
the statistical model. Their inclusion in the model, however, would sig-
nificantly increase the width of the distribution of parameter values about
the average and, consequently, make it more difficult to determine the true
maneuver input. In addition, since the airload distribution of a gust input
is different from the airload distribution of a maneuver, or control surface,
input, a different loads equation would be nceded to predict the distribution
of loads. Therefore, so that the maneuver loads could be predicted more
accurately, the high-frequency responses were removed from the data by
using a fixed sampling rate for all traces and a weighted filter for the angu-
lar rate traces {see Appendix D).

The calculation of fatigue load distributions from high-
frequency inputs, such as those produced by gusts and formation flying,
requires different statistical techniques from those used in the proposed
statistical model. The randomness of these inputs lends itself to a power
spectral density analysis. Since the time transformation factors are re-
corded in the statistical models of maneuvers, it should be possible, from
the power spectral density analysis of the gusts and formation flying, to
calculate the high-frequency loads spectrum expected during maneuvers
and to superimpose these loads on the calculated maneuver loads. Al-
though time during this study did not permit investigating this procedure,
some method of combining gusts with the statistical maneuver model
should be possible.

The amplification and attenuation of structural loads
caused by the elasticity of the aircraft's structure poses one of the most
difficult problems in flight loads analysis. The extent to which the true
structural loads differ from the calculated ''rigid-body' loads and the re-
corded aircraft motions differ from the actual center-of-gravity motions
depends on the flexibility of the aircraft structure. On a relatively rigid
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airplane, such as the F-105D, the difference is very small; but on a flexible
airplane, such as the B-52, the difference can be quite significant. The
dynamic loads are a function of the input frequency as well as the aircraft
flexibility. For the low-frequency maneuver inputs, the dynamic load dis-
tributions should not be significantly different from the rigid-body load
distributions even on the flexible aircraft types. Therefore, the proposed
statistical maneuver model should not be significantly affected by struc-
tural elasticity. For the higher frequency inputs from gusts and formation
flying, however, a dynamic analysis must be used. To calculate dynamic
loads requires knowledge of the frequency and amplitude of the gust and
control surface inputs and the complete structural response characteris-
tics of the airframe. In some analyses, a dynamic amplification factor

is used to predict the dynamic loads from rigid-body loads; but this method
is less accurate. When the gust data are combined with data in the statis-
tical maneuver model, the dynamic loads must be considered.

3. SUMMARY AND CONCLUSIONS

This study formed a statistical maneuver model and demonstrated its
use in predicting a fatigue load spectrum. The model was derived from a
data sample of 318 descending left turns performed by F-105D aircraft.
Aspects of the proposed statistical model shown to be feasible are as follows:

(1) From the trace patterns appearing in eight-channel data,
maneuver types can be distinguished and categorized.

(2) The parameter traces of all maneuvers of the same type
can be approximately aligned by transforming the time
scale. In the processing of the sample of 318 descending
left turns, the averages derived for the transformed pa-
rameter traces were almost identical for each of three
independent groups of turns.

(3) The statistical maneuver model permits an accurate
prediction of distributions of structural load peaks from
eight-channel data. The predicted peak loads spectrum
for three particular structural locations on the F-105D
airplane compared very favorably with the ""observed"
load time histories.

One important potential of the proposed method—the extension of the
application of the statistical maneuver model from one aircraft type to
another —could not be tested in this study because no suitable eight-channel
data from another aircraft type was available.
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4. RECOMMENDATIONS

In the light of the foregoing study, the following recommendations
proposed:

(1) To test the feasibility of using a single statistical ma-
neuver model for all types of aircraft, eight-channel
data should be recorded on either a small light aircraft,
such as a Cessna 182, or a large heavy aircraft, such
as a B-52 or a C-141, and reduced to a form compatible
with the statistical model.

(2) All available F-105D cight-channel data should be pro-
cessed to obtain a larger sample of the descending left
turn, to test the statistical maneuver model for all
maneuver types, to permit a more comprechensive use
of the various flight conditions in the calculation of
loads, and to test the feasibility of a program covering
all maneuver typcs.

(3) The feasibility of automatically processing the eight-
channel data on a high-speed computer to derive the
statistical maneuver model should be determined.

(4) Methods of combining gust inputs with the proposed
statistical maneuver model should be investigated.

(5) A method of calculating the effects of aircraft struc-

tural elasticity on the predicted loads distributions
should be developed.
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APPENDIX A

DATA SAMPLE

The data sample used to demonstrate the proposed statistical model
consists of 318 descending left turn maneuvers performed during 40
flights of F-105D aircraft operating from three Air Force bases. Since
this maneuver type occurs most frequently in a ground support mission,
most of the 40 flights were of this mission type. Giving the breakdown
of these data, Table 8 shows the number of flights originating from each
base and the number of maneuvers performed during these flights.

TABLE 8

Breakdown of Data Sample by Air Base

Base No. of Flights No. of Mancuvers
Nellis 21 194
Kadena 13 63
Wheelus _()_ b1
Total 40 318

The effect of sample size on the statistical model was investigated
by separating the data sample into three independent sets and then com-
paring each set with the others and with a composite of all the sets. The
number of maneuvers in each set and the breakdown of maneuvers by
base within each set is given in Table 9.

TABLE 9

Distribution of Descending Left Turns by Set

Set Nellis Kadena Wheelus . Total
1 46 22 68
11 75 17 26 118
IIx 73 24 35 132
Total 194 63 6l 318
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TABLE 10

Takeoff Configurations of F-105D Aircraft Observed During 40 Flights

No. of No. Bomb
Configuration Maneuvers Flights Bay
i 20 5 Full fuel
tank
2 27 2 Full fuel
tank
3 4 1 Full fuel
tank
4 30 3 Full fuel
tank
5 13 2 Full fuel
tank
6 16 2 Full fuel
tank
7 65 6 Empty
fuel tank
8 7 2 Empty
fuel tank
9 3 1 Empty
fuel tank
10 15 3 Baltlast
1 6 ! Ballast
12 7 2 Ballast
13 6 1 Ballast
14 7 1 No store
15 70 7 No store
16 2 Il No store
318 40

Center
Line

Store
dispenser

Store
dispenser

Store
dispenser

Store
dispenser

Store
dispenser

Store
dispenser

Store
diapenser

Store
dispenser

Store
dispenser

Store
dispensery

No store

No store

No store

Store

dispenser

Store
dispenser

Store
dispenser

Right Left Right LefL
In-Board  In-Board Out-Board QOut- Board
Pylon Pylon Pylon Pylon

Full fuel
tank

Full fuel
tank

Full fuel
tank

Empty
fuel tank

Empty
fuel tank

Nu store
Full fuel
tank

Full fuel
tank

Full fuel
tank

Full fuel
tank

Full fuel
tank

Full fuel
tank

Pavtial
fuel tank

Full fuel
tank

Partial
fuel tank

Parvtial
fuel rtank

Full fuel
tank

Fult fuel
tank

Full fuet
tank

Fimpty
fuel tank

Empty
fuel tank

No store
Full fuel
tank

Full fuel
tank

Full fuel
tank

Full fuel
tank

Futl fuel
lank

Full fuel
tank

Partial
fuel tank

Full fuel
tank

Partial
fuel tank

Partial
fuel tank

Rocket (M)
launcher

Rocket (L)
launcher

No store
Rocket (M}
launcher
No sture
Rocket (M)
tauncher

Rocket (M)
launcher

Rocket {L)
launcher

No store
Rocket (L)
launcher

GAM

GAM

Incend.

bomb

Rocket (M}
launcher

Rocket (1.)
launcher

Incend.

bomb

Rocket (M)
launcher

Rocket (L)
launcher

No store
Rocket (M}
launcher
No store
Rocket (M)
tauncher

Roucket (M)
launcher

Rocket (L)
launcher

No store
Rocket (1.}
launcher

GAM

No store

Incend

bomb

Rocket {M)
tauncher

Rocket (1)
lanncher

Incend.
bomb

The F-105D aircraft, a fighter-bomber, has a large number of pos-

sible configurations of internal and external stores.

various takeoff configurations which existed in the data sample.

Table 10 lists the
More-

over, a configuration was changed whenever external stores were dropped.
The variation of configuration affects the aircraft's mass distribution,

moments of inertia and, to a certain extent, airload distribution.

Although

the effects of configuration variation in the mass distribution and moments
of inertia were calculated for each descending left turn maneuver, the effects
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on airload distribution due to the placement of stores were ignored in this
study since they wcre considered negligible compared to the total airloads,

The 318 maneuvers were performed under various flight conditions
of gross weight, moments of inertia, altitude, and Mach number. The
coefficients in the loads equations, developed in Appendix C, are functions
of the respective flight conditions. Consequently, before these equations
may be applied to the maneuvers to calculate their loads, the flight condi-
tions of each maneuver must be determined and the coefficients appropriate
to each flight condition must be calculated.

For the statistical prediction of the distribution of load peaks, the
moments of inertia and mass distributions were assumed to be functions
of gross weight only. The 318 maneuvers were grouped by weight
according to the listing in Table 11 (Figure 35 shows this grouping as
the percentage of maneuvers with weights below given values). Then,
with the 36, 000-1b. level serving as the best dividing point, the maneuvers
with weights below this level were grouped to form the maneuvers in Condi-
tion 1 and those above to comprise the maneuvers in Condition 2. Next,
with the average gross weights computed for the weights below and above
the 36, 000-1b. level, the moments of inertia and mass distributions for
Conditions 1 and 2 were calculated, as listed in Table 12, Finally, the
average gross weights and calculated moments of inertia and mass dis-
tributions were used to calculate the coefficients in the loads equations
for the two conditions, as shown in the equations presented in Section 2. 4. 4.

TABLE 11

Distribution of Descending Left Turns by Gross Weight Range
Weight Range

{lba) Set 1 Set 11 Sect Ul Compoaite
Below 32, 000 ) )
32,000 to 34, 000 19 21 32 72
34, 000 to 36, 000 30 29 49 108
36,000 to 18, 000 6 40 19 85
38, 000 to 40, 000 6 23 10 19
40, 000 and above K 5 & 9
Total 68 118 132 118
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TABLE 12

Values of Mass Distribution and Moments of Inertia for Conditions 1 and 2

Condition 1 Condition 2

Parameter {(Below 36, 0600 lbs) {Above 36,000 lbs)

2 ,
Ix (slug-ft ) 22,110 24,220
I, (slug-t?) 201,100 205, 500

2 ' 222,200
I, (slug-ft™) 217, 300 ,

2

xﬁ(z (slug-ft”) 2,030 1,973
51 w, (Ibs) 751 751
)
i=1
n yi
Z wy g—l (slug-ft) 328 331
iz 1
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Since most of the 318 turns were performed in ground support missions,
most of the Mach numbers fell within the 0.4 to 0.7 range and most of the
altitudes were within the sea level to 10, 000-foot range. Because of the
relatively small sample size, the effects of Mach number and altitude
variations in the flight conditions were not accounted for. Of course, the
effects of these variations must be considered in calculating accurate
design loads. Tables 13 and 14 show the maneuvers distributed by ranges
of altitude and Mach number, respectively. Individual values used to deter-
mine placement within a range were those existing at the onset of the maneu-
ver. During a descending left turn, the altitude always decreases and the
Mach number normally increases slightly. Figures 36 and 37 illustrate
the percentage of maneuvers below given altitudes and airspeeds, respectively.

TABLE 13

Distribution of Descending Left Turns by Altitude Range

Altitude Range

(feet) Set I Sct 11 Set UI Composite
Below 2, 000 4 6 4 14
2,000 to 5, 000 7 21 21 49
5, 000 to 10, 000 34 56 67 157
10, 000 to 15, 000 23 35 - 39 97
15, 000 to 20, 000 . . 1 1
Total 68 118 132 318

TABLE 14

Distribution of Descending Left Turns by Mach Number Range

Mach No.

Range Set I Set 11 Set 111 Composite
Below . 4 1 N 1
.4to .5 20 6 11 37
.5to .6 34 84 89 207
.6to . 7 13 26 31 70
.7to .8 L 2 1 3
Total 68 118 132 318
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The variation in the time to perform the descending left turns was due
to the amount of change in heading angle which ranged from 70 to 200
degrees and to the pilot's technique, the latter being more significant. The
extent of these variations are shown in Table 15 which lists the distributions
of maneuvers by ranges of maneuver duration, that is, the time between the
start of the roll into the turn and the peak of the role indicative of the effort
to bring the wings back to level flight. Figure 38 shows the percentage of
maneuvers shorter than a given duration,

TABLE 15

Distribution of Descending Left Turns by Duration

Duration

{seconds) Set 1 Set 1I Sct III Composite
6to 10 4 4
10 to 14 7 13 1o 36
14 to 18 16 37 52 105
18 to 22 16 29 26 71
22 to 26 10 11 13 34
26 to 30 4 5 10 19
30 to 34 5 4 2 11
34 to 38 4 5 6 15
38 to 42 1 4 5
42 to 46 2 2 1 5
46 to 50 2 4 6
50 to 54 1 1 2
54 to 58 2 2
58 to 62 e b RS 3
Total 68 118 132 318
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PERCENT OF MANEUVERS SHORTER THAN GIVEN DURATION
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APPENDIX B

PARAMETER PATTERNS FOR THE BASIC MANEUVERS

The application of the proposed statistical model to predict structural
load distributions requires that maneuver types be recognizable in eight-
\ channel data. The parameters most indicative of maneuver types are the
‘ three angular velocities, p, q, r; normal acceleration; lateral accelera-
tion; and altitude. The airspeed and the longitudinal acceleration can
sometimes support these parameters. The trace patterns indicative of
- the basic maneuver types are described below.

The turn maneuver may be identified by the combination of the following
trace patterns: (1) a long positive peak in the normal acceleration, n_,
trace; (2) depending on the turn going either right or left, a long positive
or negative peak in the yaw rate, r, trace; (3) again depending on the direc-
tion of the turn, an early positive or negative peak followed by a late peak
of opposite sign in the roll rate, p, trace. In addition, a long positive peak
similar to that in the normal acceleration trace appears in the pitch rate, q,
trace. The trend in the altitude trace indicates that the turn is ascending,
descending, or level. Figures 39 and 40 show oscillograph recordings of
a descending left turn and a descending right turn, respectively.

TR

Timer Trace

Voltage Monitor

SR . Altitude
vw\“/‘m ~. _../‘ v
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Figure 39. Oscillogram Showing Dcscending Lieft Turn
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Figure 40. Oscillogram Showing Descending Right Turn

A pull-up maneuver may be classified as either a rolling or a symmet-
rical pull-up depending on whether or not it includes a roll rate peak. A
symmetrical pull-up maneuver may be identified by the combination of the
following trace patterns: (1) a large positive peak in the normal accelera-
tion trace; (2) a large positive peak in the pitch rate trace occurring simul-
taneously with the former peak; and (3) an increasing rate of climb or slope
of the altitude trace. Figure 41 shows an oscillograph recording of a
symmetrical pull-up. Besides all the characteristic trace patterns of the
symmetrical pull-up, a rolling pull-up maneuver has large positive or neg-
ative roll rate and yaw rate peaks superimposed on the normal acceleration
peak. The sign of the roll rate and yaw rate peaks indicates the direction of
the roll. Figure 42 shows an oscillograph recording of a right rolling
pull-up. The rolling pull-up maneuver is quite similar to a symmetrical
pull-up maneuver followed by an ascending turn maneuver. However, they
can be distinguished by noting when the roll rate peak begins. If it begins
while the normal acceleration is still high, the maneuver is a rolling
pull-up. But, if the peak begins when the normal acceleration has returned
close to a 1. 0 value, there are two maneuvers, that is, a symmetrical
pull-up and a turn,
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The yaw maneuver is characterized by a deflection in the yaw rate
trace and a large deflection in the lateral acceleration trace. None of the
other parameters vary significantly. Figure 43 illustrates a yaw maneuver,
In the F-105D data, a yaw maneuver was often performed early in a flight
by producing a right and left yaw in quick succession to test the rudder
control system (i. e., a '"'rudder kick').

“-LATERAL ACCELERATION

Figure 43. Oscillogram Showing Yawing Maneuver

The acceleration and deceleration maneuvers indicate an abrupt
power change or the use of either an afterburner or a dive-brake system,.
A rapid increase or decrease of the longitudinal acceleration characterizes
these maneuvers which are of relatively short duration and end as the
longitudinal acceleration returns to a normal value. While the airspeed
trace increases or decreases, none of the other parameters vary appreciably,
Figure 44 shows a deceleration maneuver.

The barrel roll maneuver is characterized by a long peak in the roll
rate trace, p. The yaw rate trace, r, will move first in one direction and
then in the other because of the induced yaw and the pilot's subsequent
action to correct for the induced yaw. The normal acceleration trace has
no significant activity. The 180-degree roll shown in Figure 45 followed
a 180-degree pitching maneuver which ended with the aircraft inverted.

56




S, S S S

- medm“’w&m" VRN AV A " "y,
i P P v‘vfﬂ\“‘w/’—' e e N
ALTITUDE —— —
/-/_——_—_vr
B, /
~——— AIRSPEED

NORMAL ACCELERATION ———

S i el
‘\\\\\\\LONG”UDWAL ACCELERATION — ___————-////"W

Figure 44. Oscillogram Showing Deceleration Maneuver

T =N

— e
Ny Vs e Mv-o\

NS AN - W’M\m
ROLL RATE
—~v¥awn RATE

Figure 45. Oscillogram Showing Barrel Roll

Although the maneuver types described above include all those observed
in the available F-105D data, maneuvers not covered by these types may be
expected in other data. Then, either the description of an existing type will
have to be enlarged or a new maneuver type defined,
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APPENDIX C

DEVELOPMENT OF APPROXIMATE LOADS EQUATIONS
FOR THE F-105D AIRPLANE

1. General Development

The airloads acting on the various surfaces of the F-105D aircraft were
calculated from equations developed from the summation of the forces and
moments on a rigid body. With the positive direction of the distances, forces,
and accelerations as shown in Figure 46, an axis system was centered at the
aircraft's center of gravity., The summation of moments and forces in this
axis system results in the following equations:

20 L, 0 Yw - Lyy 2y = I.p - (Iy-1,)ar - I, (r + pq)

- 2 2
Iyq - (I, -L)pr - I (r"-p)

Loa " x,a t Lzl X1

LYA. XYA+ LYV : xy\/ = Iz-r - Iy - Iy) Pq - Iy, (p - qr)

w
LyA+LyV = .-—p_a‘Yc,g.
w
LoatLb,pg=- —g‘*azc. g.
When solved for the air loads, these equations result in the following
relationships:
w
D I, . 1y, . (I - I
Lya = - Poo XA p - XY pg

(1 - XYA/XYV) va VVD va Wp va WD

L w 7
4 XZ qr - — ny I

XYVWD WD -

W I I, - Ix

L,A = 0 [ Won, - Y ge 2 e
z .
(1 - XZA/Z\'ZH) WD xzH WD *2H Wp
Ixz

b (rt - 'pﬂ]

XzH WD
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Figure 46. Drawing to Illustrate Parameter Sign Conventions and
Positioning of Airloads on the Airplane
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w I I, -1 I .
ALy = —2 [ X po Myt e
Iz I, Z (Iy-I z
- pq + - o xely) - pq
bWp bW (%, - Xya) bWy (xyy - xya)
Ixz Zy Iy, Zy
- P+ qr
b WD (XYV - kyA) b WD (}\YV - XYA)
XyA Zv W

The aircraft design gross weight WD and wing span b were introduced into
these equations to permit arranging the variables in nondimensional groups.
Although the effect of this nondimensional grouping was not evaluated during
this program, it is possible that thesc groups may facilitate applying the
parameter peak distributions {rom one aircraft type to another. Since the
design weight and wing span can be cancelled out of the equations, they did
not affect the calculations in the present program.

In order to reduce the number of variables and achieve a neat solution, a
substitution was made for the wing air loads. If it can be assumed that the wing
air load is composed of a symmetrical load plus an asymmetrical load, then

L zwl, = LZ\V/Z + ALZ,\V
LowR = sz/Z - AL w

Then, subtracting gives

I—‘ZWL - LZWR = ZALZW

The wing air load was also combined with the fuselage air load to give the
total wing-fuselage air load:

Loaa (Lywr + Ligwr) + Lizp

where

(szL + L’sz)
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Since the relationship between the wing air load and fuselage air load
was established from aerodynamic data, the respective air loads may be
calculated whenever desired.

Given the dimensions and inertia properties of an aircraft, the air loads
at any instant may be calculated through these relationships.

2. Simplified Equations

The relative magnitudes of the terms in the air loads equations were
examined to determine whether any could be ignored in the present program

to reduce the computational effort, The study revealed that the magnitude
of some terms was relatively negligible compared with that of other terms.
Consequently, such terms were dropped from the equations. As expressed
below, the simplified equations were then used to calculate the air loads:

ot
pd

‘ (l - XZA/XZH)‘ WD XZHWD
* W - I )
L,g-= D L W ng - . A q ]
(1 - xz1/x,) Wp xzA WD
yv = ' : fy
A - xpy/xn) b xpaWp *yAWD Yp
|
L*A _ Wp IZ - Ixz p - w n :l
yaA -« Yy
(1 - XyA/xyv) Xyv Wp Xyv Wp Wp
Alik = WD [ Lx P
- 2V 2yl /b bWp
3. Inertia lL.oads

Calculating the total load on any structural member requires deter-
mining the inertia force acting on that member. The force on each mass

element i may be expressed as

2
AL = Aw; g
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The aj in each of the three orthogonal directions may be written as

x y . .
_a_’i_:nx-_ai_(qZJrrZ)-__e_‘—(r—pq)Jr (q+ rp)
g g g
a Y 2 2 z . X .
=y - 2 (v +pT) - 2 (b -qr) + 2 (r+pq)
g g g g

a z X . Yy .
Z_ = -n, - (p2+q2)_ 2 (g-r1p)+ 2 (p+qr)
g g £ g

Similar to the reduction of the equations for the air loads, simplified
relationships for the inertia loads were developed. As a result, the
following expressions yield the primary accelerations for the major parts
of the aircraft structure:

(1) wing:
a .
2 = -n, 4 a_ 5
8 g
(2) horizontal tail:
a X . .
Z o= - n, - 2 _(g-rp)+ 22 _p
g g 8
(3) vertical tail:
a zZ X
a o
Y = ny - p+—2 pq
g g ¢4

When combined with the mass distribution of the structure, these
expressions for acceleration give the inertia loads.

4. Shear Calculation

The shear load at a given wing station y may be expressed as

b/2 b/2
v =L dy - A L g d
YAirload zAS‘”l (Y) 4 W ©2 (Y) Y
y y
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where

VY = vertical shear at wing station y
L,a = vertical air load, wing-fuselage
2AL,,, = differential wing load
b/2 = wing semi-span
y = lateral distance from aircraft c. g.
dy = differential element of y
‘*’1(3’) = percent of L, A per foot of span

wply) = percent of AL__ per foot of span

Assuming that w,;{y) and wz(y) are independent of L, o and AL__ .,

then the equation for the shear load at wing station y may be rewritten as

\Y =08, L_a- 0, AL
YAirload Ly ZA T T2y SHaw
where
b/2 b/2
- = 0
(‘ wyly)dy = 01y Swz(y) dy = Upy
y y

Derived from wind tunnel test data, the values of ely and GZY are
functions of configuration, altitude, and Mach number.

The inertia force contribution to the shear load may be written as

b/2

v = ([iﬁ_}gm(y)dy

YInertia <
Y

= vertical acceleration in g's at dy

—
W
R
[T
|

X
<
1l

mass distribution of structure per foot of span
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Approximating the preceding integral by a summation of the n weight
elements w; between y and b/2 gives

A\ = E {az ] W
Yinertia g it

Then Vy may be completely expressed by

n
V = 6, L,a-6, AL + y [azJ _
1 zA 2 ZW w
Yy Yy Y 1‘11 g ;04
1=

Similar relationships may be developed for other parts of the aircraft
structure.

From the simplified equations presented above and the weights and dimen-

sions of the F-105D aircraft, shear equations were developed for the wing
station 136. 6, the horizontal tail root, and the vertical tail root.

These equa-

tions, which were used to calculate the shear loads at the foregoing locations,

are as follows:

(1) wing station 136. t (location bA):

e
5

VA = .15547 Wny + .000138 Iyq - .000596 Iyp

n n

-nzz wi +.01745 p (Z wi L)

1=1 1=1 5

(2) vertical tail root:

e
38

VRVT = .1061 Wny - .000741 I,r + .000741 Iczp - 889 ny - 3.244 p

{3) horizontal tail root:

VRuT = ~-0307 Wn, - .000472 Iyq - 349 n, + 3.86 § +.993 p
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To indicate the difference between the solutions acquired from the com-
plete and the simplified equations, Figures 47 and 48 each show for one
sample maneuver two time histories of calculated loads, one derived from
the complete::‘equat'ions (VoA VRVT) and the second from the simplified
equations (V()A' VI*KVT)' Figure 47 giving the wing normal shear loads
shows that the simplified equations yielded quite accurate load values.
Although Figure 48 giving the vertical tail root shear loads shows that the
values derived from the simplified equations do not compare as favorably,
they are acceptable for the purposes of this study. This study was intended
to demonstrate the accuracy of a statistical calculation of load distribution
when compared to a time history calculation. For this purpose, it is
necessary only that identical equations be used in both calculation methods,
not that the calculated loads be strictly accurate.
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Figure 47. Time History Plots of Wing Shear Load Calculated
With Complete (V¢ ) and Simplified (Vga) Equations

Each maneuver sample was treated individually-in calculating the air-
craft gross weight and moments of inertia. It was assumed that the weight
and moments of inertia were constant during a maneuver. The values of
the parameters, n,, ny, p, q, T, P, .q, and r, were taken at discrete instants
from the time history of each maneuver. Then loads calculated at these
instants gave a time history of the loads.
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Dimensions Used in the Equations

Table 16 gives the dimensions locating the points at which air loads
were applied as indicated in Figure 46, This table also locates the center
of gravity of the vertical and horizontal tail. Thesc dimensions were obtained
from available weight and balance and aerodynamic data. The data available
was not sufficient to yield dimensions for all combinations of flight envelope
and loading characteristics encountered. However, the usce of a set of con-
stant dimensions was considered adequate for the purpose of the present
program. To apply this method to design considerations requires including
the effects of changes in the aircraft's center of gravity and centers of pressure.

TABLE 16
Constants Used in Air Loads Equations

A. Coordinate Distances to Air Load Application Point
XyA = +2.500 ft - wing-fuseclage lateral aiv load
Xyv = 221,052 {t - vertical tail lateral air load

X, A= -1. 135 ft - wing fuselage normal air load
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TABLE 16 (cont'd)

XzH = ~19. 635 ft - horizontal tail normal air load

Y +14. 62 ft - wing normal air load

z

yv ~7.891 ft - vertical tail lateral air load

H

B. Center of Gravity Locations

1. horizontal tail

x = -20.40 {t
y =.+5.25 ft
z = +1.68 {t

2. vertical tail

-21.55 ft

b
1l

y=0

6.73 {t

N
1t

3. wing (outboard of Station 136.6)

x=0
y = 14.10 ft
z=0

C. Wing Span = 34. 925 {t
D. Design Gross Weight = 36, 018 Ib.

Moments of Inertia

The moments of inertia computed for each maneuver sample were
assumed to remain constant during the maneuver. As listed in Table 17,
the base values of the moments of inertia are those for an externally clean
aircraft with internal stores and a 36, 018-1b. design gross weight. The

values were corrected for the various configurations of internal and external
stores and for changes in the fuel supply. The 40 flight records used for the
present investigation have 16 different takeoff configurations. The break-
down of the configurations includes distinguishing the full and empty external
fuel tanks. However, this distinction did not appreciably increase the num-
ber of different configurations since most of the maneuvers occurred when
the external tanks were empty. The various takeoff configurations are
listed in Table 10 in Appendix A.
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TABLE 17

Base Values of Moments of Inertia for an Externally
Clean Aircraft with Internal Stores and Fuel

I = 17,100 slug-ft*

oy 2
Iy = 202,100 slug-ft
I, = 214,000 slup ﬂz
z - , siug -

L= 2,550 slug-ft®

Gross Weight

The aircraft gross weight during each descending left turn was esti-
mated by taking the difference between the takcoff and landing gross weights
and applying a linear rate of weight loss during the flight.
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APPENDIX D

DATA FILTERING TECHNIQUES

Traces of parameters recorded in a flight loads program exhibit wave-
like patterns having a wide range of amplitude and frequency. In some por-
tions of the recorded flights, the patterns are very erratic while in other
places they are quite smooth. In general, the frequency of the parameter
trace is higher at low altitudes and high airspeeds. With the paper speed
set- for the recording of the F-105D eight-channel data, oscillations with
frequencies up to 5 cps could be visually distinguished. However, oscil-
lations of higher frequency were apparent in some portions of the flights.
The high frequency oscillations are caused mostly by atmospheric turbu-
lence.

Parameter responses to maneuvers are normally smooth low-frequency
trace deflections whose peaks have durations of 2 seconds (which corres-
ponds to a frequency of 0.25 cps) or more. Since a statistical description
of the maneuvers was the objective of this study and, accordingly, equations
to calculate only the loads due to maneuvers were developed, it was decided
to ignore the high-frequency gust-induced motions in the recorded data. In
the FF-105D data the linear accelerations due to gusts are relatively small
compared to the accelerations due to maneuvers. Although most of the gust
accelerations were removed by the fixed sampling rate, as discussed below,
any remaining in the data sample should not appreciably affect the larger
maneuver data. However, the traces representing the aircraft angular
motions presented some difficulty because large high-frequency oscillations
appeared in the derived angular acceleration time histories when the small
high-frequency oscillations in the angular rate traces were differentiated.
Consequently, as described later, the angular rate traces were smoothed
before differentiating to eliminate all the high-frequency oscillations which
would otherwise have appeared in the derived angular acceleration time
histories.

The sampling rate placed a frequency limitation on the measured pa-
rameter time histories. Figure 49 illustrates the frequency limitation of
a sampling rate of 5 samples per second. Assuming that a parameter is
sinusoidal and has unit amplitude and that the peak falls midway between
two readings, the figure presents the ratio of the measured peak ampli-
tude to the actual peak amplitude versus the trace frequency. The measured
peak amplitude may be in error by 5 percent for a 0. 5-cps trace and by 100
percent (or, in other words, completely missed) for a 2. 5-cps trace. Thus,
the sampling rate limited the frequency of the reduced data to approximately
0.5 cps.
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Figure 49. Graph to Indicate Effect of a Five-per-Second Sampling
Rate on Frequency of Reduced Data

Two types of filtering techniques were tried to smooth the angular rate
traces—a ''cosine' filter and a 7-point weighted {filter. When the ""cosine"
filter was _gsed, the angular rate value bi at each point i was replaced by
a filtered 0 which was calculated from the following equation:

. 1 . .
04 :"‘2— (Oi—l + 0'1+1)

The dashed curve in Figurc 50 illustrates the effect of the '"cosine'
filter on a sinusoidal input trace of unit amplitude sampled 5 times per
second. This figure presents the ratio of 0'; to bi versus input trace
frequency where the sample point i was located at a peak of the input trace.
Although this filter smoothes the data in the desired frequency range, it
has two undesirable effects: (1) the phase shift which causes negative peak
values at the sample point for input frequencies between 1.225 and 3,775
cps, 6.225 and 8,775 cps, etc., and (2) the resonance peaks at 2.5 cps,
5cps, 7.5 cps, etc. Because of these two effects, the 'cosine' filter was
not used.

The 7-point weighted filter replaced the angular rate éi at the sample
point by a filtered 0'; which is expressed as follows:

0i = 1¢ (Oi—3+201-2+30~1_1 +4o.1+301+1 + 201+2+Gi+3)
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Figure 50. Graph to Indicate Effect of Filtering on Frequency of Reduced Data

The solid line in Figure 50 is the ratio of 8'; to éi for a unit sinusoidal
input trace sampled 5 times per second with sample point i located at a
positive peak. Although this filter smoothes the data more severely in the
low-frequency input ranges below 1.2 cps, it has the obvious advantage of
not introducing a phase shift and negative peak values calculated for the
positive peak at point i. The resonance peaks still present at 5 cps, 10
cps, etc., did not present any problem, however, since the data readers
measured a line drawn through the mean of trace oscillations with fre-
quencies of 5 ¢cps and above and made no attempt to measure the actual

trace in these areas.

Because of the advantages given above, the 7-point filter was used to
smooth the angular rate time histories. Although this filter placed an
additional frequency limitation on the angular rate data, it had no appre-
ciable effect on data at frequencies below 0.25 cps.

Figures 51 and 52 show the effect of the smoothing on the roll rate and
roll acceleration time histories for onec descending left turn. The solid
lines in these figures represent time histories derived from the measured
values of roll rate, and the dashed lines represent time histories derived
from data in which the roll rates were smoothed. The advantage of the
smoothing is quite evident in the roll accelerations illustrated in Figure 52,
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APPENDIX E

PREDICTED AND OBSERVED PEAK LOADS
DISTRIBUTIONS BY DATA SET

Since the data were processed in batches, three independent subsets of

predicted and observed distributions were derived to study the effect of
sample size and to check the consistency of the predictions through the
comparison of data. Set I contains 68 maneuvers; Set II, 118; and Set III,
132. For each of these sets, the number of samples in the normalized
distributions is the same as the number of maneuvers. However, the peak
distributions and observed peak load distributions were separated into

Conditions 1 and 2: Set I contains 54 maneuvers in Condition 1 and 14 in
Condition 2; Set II contains 50 maneuvers in Condition 1 and 68 in Condi-
tion 2; and Set IIl contains 81 maneuvers in Condition 1 and 51 in Condi-

tion 2. Distributions were not derived for the 14 maneuvers in Condition
2 of Set I since this sample is too small.

Figures 53 through 64 present the predicted and observed distribution
for the wing, horizontal tail, and vertical tail loads for the three subsets
and the two conditions. Generally, the predicted distributions do not fit
the observed distributions as well as the composites (Figures 26 to 31);

nevertheless, even with the small sample sizes, the fits are obviously
acceptable.
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